The reduction of 2,6-dichlorophenolindophenol (DCIP) by 6-substituted 3-hydroxy-4-pyrones was studied in the pHrange of 3.0 to 7.8, using a stopped-flow apparatus.
Measurementof the rate constant. The two apparatuses used in this study were a Hitachi Model 100-50 with a handmade mixing injector and a Towa Model EPR-10A recorder. The reduction of DCIPwas followed by measuring the absorbance at 524nm. The light path of the cell was 10 mm,and the reaction temperature was 20°C unless otherwise stated. The concentration of DCIPwas kept at less than 5% of the concentration of the 6-substituted 3-hydroxy-4-pyrones, so that the reaction could be treated as an apparent first-order one. DCIPwas dissolved in a small volume of ethanol and made up to a desired volume with water, the final concentration ofethanol was less than 2.5%. The DCIP solution was prepared daily. The pH of the reaction mixture was adjusted to pH 3 with glycinehydrochloric acid, pH 4 to 5 with acetate buffer solution, pH 6 to 7 with sodium phosphate buffer solution, and pH 7 to 8 with sodium barbital-hydrochloric acid. The ionic strength was made up to 0.2 by the addition of sodium chloride. All the kinetic results presented are the averages of three measurements.
13C-NMR spectra. 13C-NMR spectra were recorded at 30°C with a JIOL PS-lOO/EC-100 spectrometer with a 10mmtube, containing solvent ((CD3)2SO or D2O) and Me4Si, 8192 data points, a spectral width of6250Hz and a pulse angle of 45°(ll /isec).
RESULTS AND DISCUSSION Figure 1 shows an example of the time course of the reduction ofDCIP by 3-hydroxy-4-pyrone at 20°C, which was followed by the decrease in the absorbance at 524nm. The Guggenheim plot15) was linear as shown in Table I shows the reaction velocity of DCIP reduction with 6-substituted 3-hydroxy-4-pyrones at 20°C. The £app of the DCIP reduction by 6-substituted 3-hydroxy-4-pyrones in the acidic region (pH 4~5) are.considerably different from those at pH 7.8. The substituent group of the reductants has a direct effect upon the £app. The pH dependence of log k by kojic acid4) is similar to that of the reduction of DCIP by 6-H, 6-CH3, 6-CH2Cl and 6-COOH. Figure 4 shows the pH dependence of the second-order rate constant, k. The secondorder rate constants were obtained by dividing the &app by the concentration of 6-substituted 3-hydroxy-4-pyrones.
The plot of log k against pHwas somewhat similar to that obtained for the DCIP reduction by /?-aminophenol,16) but 6-substituted 3-hydroxy-4-pyrones are different from L-ascorbic acid6) and triose reductone7) in their reactivity with DCIP. The rate constant of L-ascorbic acid6) was considerably greater than that of 6-substituted 3-hydroxy-4-pyrones over all the pH range 
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Concentrations of 6-substituted 3-hydroxy-4-pyrones were lOmM (3-hydroxy-4-pyrone, chlorokojic acid, comenic acid and kojic acid) and 5mM (allomaltol).
The concentration of DCIP was less than 5% that of 6-substituted 3-hydroxy-4-pyrones. b The half-time obtained from t1/2=\n2/kapp. studied. These results suggest that the reaction mechanism of 6-substituted 3-hydroxy-4-pyrones with DCIP is considerably different from that of L-ascorbic acid over a wide pH range. Table II shows k for DCIP reduction by the pyrones. The k value for the DCIP reduction at pH 4.2 is different from that at pH 6.0. The k value of 6-CH3 is about 3.2 times greater than that of6-H at pH 4.2 and the same at pH 6.0. In the case of 6-COOH, the value is about 6.0 times smaller than that of6-CH3 at pH 6.0 and about 7.0 times smaller at pH 4.2 as well. The rate of DCIP reduction is dependent on t he substituent of the reductants. The 13C-NMR chemical shifts determined in this study are presented in Table III . The direction of the chemical shift change is similar to the case of aromatic heterocycles.17) The effect of the substituent on the pyrone ring appears critical for C-3, but not so for C-2, C- 04^p-CH2OH For substitutions of 3-hydroxy-4-pyrones refer to Table I. 4, C-5 and C-6. Figure 5 shows the relationships between log(&/&H) and ASC_3 for 6-substituted 3-hydroxy-4-pyrones.
kH is the rate constant of 3-hydroxy-4-pyrone.
The \og(k/kH) of 6-substituted 3-hydroxy- 
